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Detailed Report. 

1. Name of invention 

adhesive sheet for preventing accumulation of ice 

2. Sphere of patent request 
(Claim 1) 

This invention is concerning an adhesive sheet for preventing accumulation of ice 
which has the following characteristics: It consists of a pressure-sensitive adhesive layer 
(2), a base sheet (3), and a layer for preventing ice from attaching (4) in order on top of a 
mold-release sheet (1). Also, the layer for preventing ice from attaching (4) is based on 
the following compositions (A) or (B). 

Composition (A) has the following main components: 

(a) A co-polymer with fluoro olefin and hydroxyl groups that consists of a vinyl 
monomer which has a hydroxyl group that can be co-polymerized with the fluoro 
olefin as a necessary monomer component and other reactive groups if necessary. 

(b) General formula 




(in the formula, n in an integer from 6 to 800. k is an integer from 0 to 6; 1 is 0 or lym is 
an integer from 0 to 6, i is 1 or s. Y is a carboxyl group, hydroxyl group, epoxy group, 
-R r -N = C = O group, -R 2 -N = C = O group, or -R 3 -N = C = 0 2 group. R u R 2 , R 3 are : 
identical or different isocyanate groups.) 

A silicon compound expressed by the general formula above also contains 
hydrogen groups in co-polymer (a) above or a group which reacts with the other reactive 
group or hydroxy group; and 
(c ) a polyisocyanate compound 

Composition (B) consists of the following: 

(d) a material with a graft substance from the reaction of component (a) and 
component (b) and (c) polyisocyanate as its main component. 

3. Detailed explanation of invention 

(Field of industrial use) 

This invention is concerning a adhesive sheet for preventing ice build-up which is 
sufficient to prevent attachment of snow or ice. 
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(Prior art and its problem) 

In the past, various coatings have been used to prevent or reduce ice build-up. 
The applicants of this invention conducted research on the basic mechanism of ice 
attachment and made the following suggestions in the past. One material consists of a 
combination of an alkali metal compound that has hydrogen bonding dissociation and 
organo polysiloxane resin (Japan patent No. S 59-25868). Another is an organic coating 
which consists of a polymer of (meth)acrylic based monomer containing a perfluoro alkyl 
group to an organic solvent type synthetic resin (Japan patent No. S 61-23656). Although 
these materials reduced ice build-up compared to conventional ones, they still were not 
good enough for actual use. They also had problems with bonding, flexibility, etc. 

These materials also have the following defects: (1) they contain a large amount 
of volatile organic solvent, which not preferred for safety reasons; (2) the coating process 
requires considerable work and time; (3) coating workability depends on temperature, (4) 
it is difficult to acquire coatings with identical performance due to the weather. 

(Steps for-solution) 

The object of this invention is to solve these problems or defects with the prior 
art. It is a sheet with an ice preventing layer with a specific composition on a base sheet 
with an adhesive layer. 

That is, this invention is concerning adhesive sheet for preventing ice form 
attaching which has the following characteristics: It consists of a pressure-sensitive 
adhesive layer (2), a base sheet (3), and a layer for preventing ice from attaching (4) in 
order on top of a mold-release sheet (1). Also, the layer for preventing ice from attaching 
(4) is based on the following compositions (A) or (B). 

Composition (A) has the following main components: 

(a) A o-polymer with fluoro olefin and hydroxyl groups that consists of a vinyl 
monomer which has a hydroxyl group that can be co-polymerized with the fluoro 
olefin as a necessary monomer component and other reactive groups if necessary. 

(b) General formula 



(in the formula, n in an integer from 6 to 800. k is an integer from 0 to 6; 1 is 0 or 1, m is 
an integer from 0 to 6, i is 1 or s. . Y is a carboxyl group, hydroxyl group, epoxy group, 
-Ri-N = C = O group, -R 2 -N = C = O group, or -R 3 -N - C - 0 2 group. R,, R 2 , R 3 are 
identical or different isocyanate groups.) 

A silicon compound expressed by the general formula above also contains 
hydrogen groups in co-polymer (a) above or a group which reacts with the other reactive 
group or hydroxy group; and 
(c ) a polyisocyanate compound 
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Composition (B) consists of the following: 

(d) a material with a graft substance from the reaction of component (a) and 
component (b) and (c) polyisocyanate as its main component. 

Next, each layer above is going to be explained in detail. 

A mold release sheet (1) is attach to one side of an adhesive layer (2) so that it can 
be easily peeled off from the adhesive layer (2). Inactual use, the adhesive sheet for 
preventing ice in this invention is peeled off beforehand. This sheet (1) can be a 
conventional coated or impregnated mold release sheet such as paper or film with a mold 
release agent such as silicon, wax, or fluorine resin; a synthetic resin film which has built- 
in mold release properties such as polypropylene, polyethylene, etc. 

The pressure-sensitive adhesive layer (2) is for attaching the base sheet (3) with 
the ice prevention layer (4) to the surface of the objectto be protected. It is put between 
the mold-release sheet (1) and base sheet (3). Specifically, it has a conventional 
permanent adhesive as its main component. For example, adhesives such as natural 
rubber, styiene-buthadiene co-polymer rubber, polyisobutyrene, acryl resin, polyvinyl 
ether, polyvinyl isobutyl ether, etc. are suitable. Among these, an acryl resin with -10 to 
- 60°C glass transition temperature such as polybutyl acrylate or poly-2-ethyl hexyl 
acrylate is suitable. In addition, a tackifier such as rhodine, rhodine ester, coumarone 
r esin, terpene resin, hydrogen carbide resin, or oil-soluble phenol resin can be used if 
necessary. Their use depends on mutual solubility with the adhesive which is the main, 
ingredient. Fatty acid ester, animal and vegetable oil, wax, petroleum, etc., may be used 
as softening agents as well. In addition, it is possible to use fillers, pigments, ant; aging 
agents, stablizers, etc. 

The pressure-sensitive adhesive film (2) is formed by the following steps. The 
Tipin adhesive is either dissolved or dispersed in organic solvent. Using a knife coater, 
roll coater, or gravure coater, etc., it is applied to one side of the base sheet (3) which has 
)een coated with primer beforehand. The volatile substances such as organic solvents are 
evaporated. The thickness of the adhesive layer (2) is 1 to 500 ]u, especially 20 to 40 ji. It 
;ls possible to apply the adhesive by melting it without using organic solvent. 

When the ambient temperature during application of this adhesive sheet is low, 
the adhesive layer (2) should have a low glass transition temperature. 

A synthetic resin base sheet (3) is used between the adhesive layer (2) and a layer 
to prevent ice from attaching (4). It is for reinforcing and supporting physically the layer 
to prevent ice from attaching (4). It should have excellent cold-resistance, heat- 
resistance, shrinkage-resistance, weather-resistance, chemical-resistance, etc. For 
e:-- ample, pdlyurethane, polyimide, nylon, polyethylene, polyester, polycarbonate, flexible 
vinyl chloride resin, metal, etc., are suitable. 

The film thickness of the base sheet (3), should be 1 to 1000 (a, preferably 30 to 
KiOu. It can be either transparent or opaque, and it should be easy to cut. ' . 

A layer to prevent ice from attaching (4) is formed on one side of the base sheet 
{3} to prevent snow or ice from building up on the surface. It can be formed by applying 
compositions (A) or (B) to one side of the base sheet (3). 
Composition (A) has the following main components: 
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(a) A co-polymer with fluoro olefin and hydroxyl groups that consists of a vinyl 
monomer which has a hydroxyl group that can be co-polymerized with the fluoro 
olefin as a necessary monomer component and other reactive groups if necessary. 

(b) General formula 




(in the formula, n in an integer from 6 to 800. k is an integer from 0 to 6; 1 is 0 or 1, m is 
an integer from 0 to 6, i is 1 or s. Y is a carboxyl group, hydroxyl group, epoxy group, 
-R r -N = C - O group, -R.2-N - C = O group, or -R 3 -N = C = 0 2 group. Ri, R 2 , R 3 are 
identical or different isocyanate groups.) 

A silicon compound expressed by the general formula above also contains 
hydrogen groups in co-polymer (a) above or a group which reacts with the other reactive 
group or hydroxy group; and 
(c ) a polyisocyanate compound 

The fluoro olefin (a- 1) which is one component of the monomers which mak*; up 
the above co-polymer [component (a)] may be, for example, hexafluoro propene, 
tetrafluoro ethylene, monochloro trifluoro ethylene, cidhlorodi fluoro ethylene, 1.2- 
difluoro ethylene, vinylidene fluoride, monofluoro ethylene, etc. Among these, 
tetrafluoro ethylene and monochloro trifluoro ethylene are especially suitable because o fi 
their co-polymerization properties. 

In component (a)above, the vinyl monomer (a-2) which has a hydroxyl gro up dial 
can be co-polymerized with component (a-1) may be. for example, a vinyl ether 
containing hydroxyl groups such as hydroxy ethyl vinyl ether, hydroxy propyl vinyl ether, 
hydroxy butyl vinyl ether, hydroxy hexyl vinyl ether, hydroxy pentel vinyl ether; a . 
(meth)acrylate containing hydroxyl groups such as 2-hydroxy ethyl acrylate, 2-hydroxy 
ethyl methacrylate, hydroxy propyl acrylate, hydroxy propyl methacrylate. Among these, 
vinyl ether containing hydroxyl groups, especially, vinyl ether which has a hydroxy alkyl 
ether group with 2 to 6 carbon atoms in the alkyl group is especially suitable because of 
its co- polymerization properties. 

Component (a) has components (a-1) and (a-2) above as requisites. Other 
monomers (a-3) which can be co-polymerized with these when necessary include, for 
instance, vinyl ether which has alkyl groups such as methyl, ethyl, propyl, isobutyl, n- .. 
butyl, hexyl, octyl, decyl, lauryl or aliphatic groups such as cyclo butyl, cyclo pentyi,.. 
cyclo hexyl, adamantyl, pornyl; alkyl ester (meth)acrylates with alkyl groups with 1 to 18 
carbon atoms; glycidyl (meth)acrylate; vinyl esters such as vinyl acetate, vinyl propionate, 
vinyl lactate, vinyl pivalate, vinyl capronate, vinyl laurate, vinyl cyclo hexane carbonate; 
a-olefms such as ethylene, propylene, isobutyrene, buten-1, etc. Among these, vinyl 
ether with an alkyl ether group with 2 to 6 carbon atoms and cyclo hexyl vinyl ether are 
especially good because of their co-polymerization properties. 
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The ratio of monomers for manufacturing component (a) should be in the 
following range: 

Fluorolefin (a- 1 ) 20 to 99 mol % 

Vinyl monomer which has hydroxyl group (a-2) 1 to 80 mol % 
Other monomer (a-3) 0 to 80 mol % of the total amount of 

the above two components 

The co-polymerizing reaction for manufacturing component (a) is performed 
under the following conditions. Normally, organic solvent is used to dissolve 0.01 to 5 
weight parts of polymerization initiator in 100 weight parts of monomer, and the reaction 
is done at approximately -20 to 150°C temperature and under normal pressure or 
increased pressure up to approximately 30 kg/cm 2 G. 

Component (a) can be a denatured co-polymer made by reacting the above co- 
polymer with a bi-basic acid anhydride and introducing carboxyl groups to some of the 
hydroxyl groups in the co-polymer. 

The average molecular weight of the co-polymer in component (a) is normally in 
the range of 2,000 to 100,000, preferably 5,000 to 60,000. When the molecular weight is 
smaller than this range, water-resistance or physical properties of the ice prevention layer 
(4) are reduced. On the other hand, when the molecular weight becomes bigger than the 
above ran^e, the viscosity of the solution tends/to be high, which is inconvenient for 
processing. The amount of hydroxyl groups in the co-polymer of component (a) should be 
, ^proximately 30 to 400 mg KOH/g, preferably in the range of 40 to 300 mg KOH/g: If 
ne hydroxyl group value becomes smaller than the above range, curing becomes t; • 
asufficient, and cross-linking of the layer to prevent ice from attaching (4) becomes* . 
insufficient too. On the other hand, if the hydroxyl group value becomes larger than; the 
above range, the water resistance of the layer to prevent ice from attaching (4) tends^ to . 
drop or its physical properties deteriorate. The "other reaction group" in component (a) 
can be, for example, a carboxyl group or epoxy group (glycidyl group). 

Component (b) is a silicon compound which has a group that reacts with the 
hydroxyl group in the co-polymer in component (a) or its other reactive group or hydroxyl 
group. It also has a group which is expressed by the following general formula (I). ... . 1 




(in the above formula, n is an integer from 6 to 800. k is an integer from 0 to 6; 1 shows 
© or 1, m is an integer from 0 to 6, 1 shows 1 or s. also, y shows carboxyl group, hydroxyl 
grotup. epoxy group, -Rj-N = C = O group, -R 2 -N = C = O group, or -R 3 -N = C ™ O2 
group. At this point, Rj, R 2 , R3 show identical or different isocyanate remaining group.) 

hi component (b), a structural part which is expressed by the following formula 
(will be celled polymethyl siloxane chain in the following) makes the coating slippery and 
reduces the surface tensile strength of the coating. The features prevent attachment ofice. 
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Formula 




(In the formula, n is the same as the above.) 



Representative examples of reactive groups contained in component (a) and (b) 
are indicated in table 1 below. 
Table 1 



Reactive group in component (a) 


Reactive group in component (b) 


Hydroxy] group 


Isocyanate group 


Carboxyl group 


Carboxyl group 


Epoxy group 


Hydroxyl group 


Epoxy group 


Carboxyl group 



The reactive groups listed in table 1 can have a hydroxyl group in (a) and an 
isocyanate group in (b), or a carboxyl group in (a) and an epoxy group in (b) because of 
reaction properties or ease of manufacturing. 

A carboxyl group can be introduced to component (a) by the above method, in £ 
other words, by reacting the hydroxyl group in component (a) with bi-basic acid I 
anhydride and then introducing the carboxyl group. The epoxy group can be introduced ■ 
to component (a) by co-polymerizing a portion of a vinyl-containing epoxy group such as 
glycidyr(ineth)acrylate with the monomer ift component (a). 

In component (b), the polymethyl siloxane chain is not limited to only one chain - 
vhere can be two or more. For instance, it is possible to use a silicon molecule which has 
one isocyanate group and two polymethyl siloxane chains. It can be produced by reacting . 
2 xnol of a silicon compound with one hydroxyl group and one polymethyl siloxane chain 
With I mo! of adduct of 3 mol of 1,6-hexane methylene diisocyanate and 1 mol of hexane 
triol. v 

In addition, component (b) can have multiple reactive groups in the molecule. For 
example, it is possible to use a silicon molecule which has two isocyanate groups and one 
polymethyl siloxane chain. It can be produced by reacting 1 mol of silicon compound \ 
with one iiydroxyl group and one polymethyl siloxane chain with 1 mol of adduct of 3 
mol of 1,6-hexane methylene diisocyanate and 1 mol of trimethylol propane. 

In these silicon compounds, when Y in formula (a) is an -Rj-N = C = O group, 
-R 2 -N = C = O group, or -R 3 -N = C = 0 2 group; R w R 2 , and R 3 are identical or different 
isocyanate remaining groups. At this point, "isocyanate remaining group" means a group, 
whish reacts some of the isocyanate groups in the polyisocyanate compound with the > 
active hydrogen in the silicon compound to bond them, or parts of the polyisocyanate • 
compound other than the isocyanate groups. For instance, when Y is -Rj-N = C = O 
group, Ri is a group made by reacting the bonding part of one isocyanate group in the 
viiso&yaiuite compound and a group which has active hydrogen in the silicon compound; 
or a portion other than the isocyanate group in the diisocyanate compound when 1 mol of 
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a silicon compound which has one polymethyl siloxane chain and one group which has 
active hydrogen (for example, a hydroxyl group) and 1 mol of diisocyanate compound are 
reacted. 

In a similar manner, when Y is an -R2-N = C = O group, R2 is an isocyanate 
remaining group when 2 mol of silicon compound which has one polymethyl siloxane 
chain and one group which has active hydrogen (for example, a hydroxyl group) and 1 
mol of triisocyanate compound are reacted. 

Also, when Y indicates -R3-N = C = O2 group, R3 shows isocyanate remain 
group when 1 mol of silicon compound which has one polymethyl siloxane chain and one 
group which has active hydrogen (for example, hydroxyl group) and 1 mol of 
triisocyanate compound are reacted. 

The molecular weight of component (b) should be in the range of approximately 
520 to 60,000, preferably 800 to 20,000. When the molecular weight is smaller than the 
above range, the effect that prevents ice from attaching tends to drop. On the other hand, 
when the molecular weight is bigger than this range, mutual solubility with component 
(a) drops, and also there is a tendency for the reaction to get lower as well. 

As component (c), conventional polyisocyanate compounds can be used. For 
instance: Aromatic, aliphatic, fatty-group polyisocyanate compounds such as toluylene 
diisocyanate, xylylene diisocyanate, phenylene diisocyanate, bis (isocyanate methyl) 
cyclohexane, tetramethylene diisocyanate, hexamethylene diisocyanate, isophorone: . . 
diisocyanate, hydrogenised diphenyl methane diisocyanate, diphenyl methane 
diisocyanate and excess amounts of these polyisocyanate compounds are reacted with a . 
con pound containing low molecular weight active hydrogen such as ethylene glycol, - 
propylene glycol, trimethylol propane, hexane triol, or castor oil. The containing end 
isocyanate acquired from the reaction and polyisocyanate compounds which have not . 
been blocked are blocked by an isocyanate blocking agent. ■ 

The isocyanate blocking agent can be a phenol group such as phenol, m-cresol, 
xyienol, iiophenol; an alcohol group such as methanol, ethanoi, buthanol, 2-ethyl 
hexanol, cyclohexanol, ethylene glycol monomethyl ether; or a compound containing 
active hydrogen such as caprolactam, ethyl acetate, diehyl malonate, etc. 

By using a polyisocyanate compound which has been blocked as component (c), it 
is possible to change a three-solution type to a two-solution type, or change a two- .1 . 
solution ryoe to a one-solution type. fi 

0 reposition (A) above has main components (a), (b), and (c). The solid ratio of 
5 li)C-sc coirrtonents should be in the following range: : > r 

Coinooac 1* fa) 30 to 90 weight % - 

Gumpon^:; (b) 1 to 40 weight % 

Ccr^poBerg (c) 5 to 50 weight % . ; , . 

If component (a) is less than 30 weight %, the physical strength of the layer to 
prnvcut icvfrom attaching (4) tends to drop. On the other hand, if component (a) exceeds, 
90 -w^cight >o, the ice attaching force tends to increase. ' 

If component (b) is less than 1 weight %, the effect of preventing ice from 
attaching becomes small. On the other hand, if component (b) exceeds 40 weight %,r : * 
tackiness is- produced on the surface of the layer to prevent ice from attaching (4), and 
physical strength tends to drop also. In addition, if component (c) is less than 5 weight . . 



Publicized Report of Patent 



%, cross-linking density is lowered, and the adhesion of the layer to prevent ice from 
attaching (4) to the base sheet (3) is reduced. On the other hand, if component (c) 
exceeds 50 weight %, cross-linking density becomes too high. As a result, the layer to 
prevent ice from attaching (4) becomes hard and fragile. Furthermore, the effect of 
preventing ice from attaching tends to become small. 
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Composition (B): 

Composition (B) has a graft substance made by reacting components (a) and (b) 
and (d) above and polyisocyanate (c) as its main components. 

Component (d) is a graft substance which is made by grafting the polymethyl 
siloxane chain of component (b) to a side chain of component (a). 

The ratio of graft components (a) and (b), based on the total amount of both 
components, should be in the range of 42 to 99 weight % of component (a) : 1 to 58 
weight % of component (b). If the ratio is not within this range, features of component 

(a) and (b) are not fully acquired, and this reduces the effect of preventing attachment of 
ice. 

Conventional grafting methods can be selected freely depending on the reactive 
groups contained in components (a) and (b). 

For example, one method which reacts a hydroxyl group in component (a) and an 
isocyanate group in component (b) is going to be explained in the following. First, 1 mol 
of diisocyanate is heated and reacted with 1 mol of silicon compound which has one 
polymethyl siloxane chain and one hydroxyl group molecule in the presence of an organic 
metal catalyst. Component (b) which has one polymethyl siloxane chain and 1 free 
isocyanate group is acquired. 

Next, component (b) and component (a) which has an excess amount of hydroxyl 
group compared to the isocyanate groups in component (b) are heated and reacted in the 
presence of an organic metal catalyst, and grafting is performed. As a result, a comb 
shaped polymer where the hydroxyl group from component (b) is grafted to a side chain v. 
of component (a) is acquired. 

Meanwhile, for composition (A) which just mixes component (a) and component • 

(b) without grafting, it is desired to use component (b) with a reactive isocyanate group 
from the poi nt of reaction of component (b) during curing. 

By grafting component (a) and component (b), mutual solubility is improved 
compared to the case where these components are simply mixed. At the same time, when 
resin design for the final coating is considered, it is easier to include the silicon 
component in the side chain of component (a) beforehand. 

3y grafting, the ice-prevention property is stable for a long period of time since 
the polymethyl siloxane chain is uniformly distributed in the coating. In addition, when a 
blocked polyisocyanate compound is used as component (c), you can make a one-solution 
type coating. 

Concerns about shelf life can be addressed by making it as a one-solution coating. 
Gelling of the remaining solution will not occur, so this reduces cost. 

In addition, the solid ratio of grafted component (d) and component (c) should be 
in the following range based on the total amount of both components: 
Component (d) 50 to 95 weight % 

Component (c) 5 to 50 weight % 

If component (c) is less than 5 weight % (in other words, if component (d) 
exceeds 95 weight %), the physical properties of the layer to prevent ice from attaching . 
(4) and its adhesion to the base sheet tend to drop. On the other hand, if component (c) 
exceeds 50 weight %, (in other words, if component (d) is less than 50 weight %), the 
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layer to prevent ice from attaching (4) becomes hard and fragile. Furthermore, the effect 
of preventing ice from attaching tends to become small. 

The materials to prevent ice from attaching (A) and (B) have either components 
(a), (b), and (c) as necessary components, or component (c) and (d) as necessary 
components. In addition to these, if necessary, it is possible to add conventional 
pigments, rust preventers, dyes, etc. in the range less than 120 weight parts per 100 
weight parts of solid resin. Furthermore, you can add paraffin-based substances such as 
liquid paraffin to make the ice-prevention effect last longer and to prevent damage due to 
the shear stress at the interface between the ice and and layer to prevent ice from 
attaching. In addition, it is possible to add surfactants, additives, etc. 

The materials to prevent ice from attaching (A) and (B) are prepared by mixing 
other necessary components, and if necessary, components other than these. Mixing can 
be done by conventional mixing or dispersing methods such as a dissolver, steel ball mill, 
pebble mill, sand mill, atlighter, etc. Organic solvent could be used. A solvent which can 
dissolve the resin components is desired. For instance, it is possible to use a solvent that 
• is used in conventional coatings such as hydrogen carbide in either chain or cycle shape, 
ketone group, ester group, alcohol group, etc. However, when there is an unblocked 
isocyanate group in the system, it is better to avoid the use of alcohol based solvents. 

The adhesive sheet for preventing ice from attaching in this invention can be used 
where ice or snow should not build up on cold places, for example, ships (radar, bridge, ^ 
'righting, life guard device, etc.), aircraft (wing, cargo, drain), ocean structures (rigs, \ 
buoys), trains (lower side of vehicles, track, pandagraphs), communications (various 
antennae, radar), traffic signs, or freezing pans, pipes, iceboxes, freezer fans, etc. 

in this invention, the layer to prevent ice from attaching (4) can be formed by 
appiy.ng. compositions (A) or (B) on the side of a base sheet (3) opposite the adhesive 
!ayer (2). Application can be done by conventional coating methods such as spray i 
:o£tir:g, brush coating, roller coating, roll coating, dip coating, curtain flow coating, etc: ■ . 

In addition, the dry film thickness of the layer to prevent ice from attaching (4) 
shouia be approximately 5 to 100 microns, preferably 10 to 50 microns. By selecting ! 
coating condition and drying conditions from room temperature to 300°C or so, ' * * 
preferably SO to 250°C, for 30 seconds to 40 minutes, you can acquire a good layer to 
prevent ice from attaching (4). 

As shown in the figure, the adhesive sheet for preventing ice from attaching 
coxisi rs of the following parts. A layer to prevent ice from attaching (4) is formed on one; 
side of a base sheet (3) while a pressure-sensitive adhesive layer (2) is formed on the v. . «;" 
ofhev ;kle of the base sheet (3). Then a mold-release sheet (1) is applied on the other side-; 
of the ^rccsure sensitive adhesive layer (2). 

In actual use, the adhesive sheet for preventing ice from attaching is cut into the 
desk; : . viape and size. After the mold-release sheet (1) is removed, it is applied to the - ^ 
object The layer to prevent ice from attaching (4) appears on the external surface, and' 
attac). nsst or fixing of snow and ice is not seen on the site at all. Even if tsnow and ice hit, 
do ac jviuJate, they can be removed easily. It is also possible to arrange a layer which 
has good weather-resistance between above (3) and (4) above. 

Next, the technical effects of this invention are going to be listed below. 
1 Since coating is unnecessary, work and time consumed for the process are minimized:- 
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2 Since the coating is not formed and dried in situ, working condition and 
environmental considerations are remarkably improved. 

3 The layer to prevent ice from attaching (4) works well for a long period of time. Also, 
it has excellent adhesion, durability, workability, and weather-resistance. 

4 If the useful life of the adhesive layer (2) and layer to prevent ice from attaching (4) are 
matched, repair will be extremely easy. 

Example of practice 

In the following, this invention is going to be explained in more detail using 
examples of practice. Also, "parts" and "%" indicate "weight parts" and "weight %" 
unless noted otherwise. 

I Manufacturing example of the material to prevent ice from attaching 

1 manufacturing of component (a) 

1 ) component (a- 1 ) 

20 parts of 3-hydroxy propyl vinyl ether (will be called HPVE in the following), 
64.3 parts of xylene, 21.4 parts of methyl isobutyl ketone, and 0.36 part of N-dimethyl 
benzyl amine were put in a 1000 ml glass autoclave. After filling the vessel with 
nitrogen, 80 parts of vinylidene fluoride was added, and it was heated to 65°C. The 
pressure after the temperature stabilized was 6.2 kg/cm 2 G. Next, 14.3 parts of a mixture 
of xyeleneAnethyl isobutyl ketone (3/1 at weight ratio) dissolved with 0.9 part of azobis 
isobutylonitrile were added, and polymerization was started. While stirring, it was kept at 
65 S 'C for 20 hours. The pressure in the autoclave after 20 hours was 0.2 kg/cm 2 G. 

The per cent solids of the acquired varnish containing fluoro olefin co-polymer 
was approximately 50 %, and the hydroxyl group value (resin solidity) of the co-polymer 
was approximately J 10. : 

2) component (a-2) to (a-5) 

Except that the amount of monomer at (a-1) was set as indicated in table 2, the 
same procedures were done, and, fluoro olefin co-polymer varnish was acquired. 

At (a-3), 1 1 parts of succinic anhydride and 0.1 part of zirconium naphthate were 
added to 200 parts of the acquired varnish (solid parts of olefin co-polymer: 100 parts). 
After it was reacted for 3 hours at 80°C, a varnish containing fluoro olefin co-polymer 
vvfeere carb^xyl groups had been introduced with approximately 53 % solid parts was 
acquired. The ac id v aiue of the acquired varnish was approximately 55; the hydroxyl 
group value was approximately 197. 
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Table 2 





a-2 


a-3 


a-4 


a-5 j 


Monochloro tnfluoroethylene 






53 




Tetrafluoro ethylene 




56 




62 


Monofluoro ethylene 


72 








2-hydroxy ethyl vinyl ether 


8 


44 


27 




(p-hydroxy butyl vinyl ether 








38 


Ethyl vinyl ether 






13 




Methyl vinyl ether 


10 








Cyclohexyl vinyl ether 


10 








Vinyl acetate 






7 




Succinic anhydride (per 100 resin) 




11 






Hydorxyl group (mg/KOH g-resin) 


51 


197 


172 


183 



2 manufacturing of component (d) 

1) component (d-1) 

100 parts of "Sila Brain FMO 511" (see note 1) and 0.2 part of tetra ethyl 
ammonium bromide were combined with 190 parts (resin solid parts: 100 parts) of the 
fluoro olefin co-polymer varnish with carboxyl groups acquired in a-3. It was reacted for 
4 hours at 120°C, and a grafted substance was acquired. The hydroxyl group value of this-]. ./ 
grafted substance was 126. . 
(note I): "Sila Brain FMO 51 1": manufactured by Chisso, reactive silicon containing 
glycidyJ group, product name, molecular weight is approximately U000; has the ;* . 

following structure: •..) 

* i * \ 

' I 1 / ^ / 

<5Bji \ CK»/ m O 

(m the formula, n is 1 1 on average) .. 

2) component (d-2) 

500 parts of "Sila Brain FMO 421" (see note 2 below) and 0.05 part of dibutyl tin 
oxide wet & combined with 22 parts of isophorone diisocyanate. While stirring, it was 
reacted for 3 hours at 80°C. As a result, a silicon compound with one free isocyanate 
group was acquired. 

15.4 parts of silicon compound acquired in the above were combined with 200 
parts (resin solid parts: 100 parts) of the fluoro olefin co-polymer varnish acquired in (a- 
5). It was reacted for 3 hours at 80°C, and a grafted substance was acquired. The 
hydroxyl group value of this grafted substance was 157. 

(note 2): ; 'Sila Brain FMO 421": manufactured by Chisso, reactive silicon containing, 
hydroxyl group, product name, molecular weight is approximately 5,000; has the 
following structure: 
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f 7 f"\ 

(in the formula, n is 65 on average) 

3 Manufacturing of the composition for the layer to prevent ice from attaching 

1) composition (A-l) 

500 parts of "Sila Brain FMO 421" and 0.05 parts of dibutyl tin oxide were 
combined with 18.8 parts of xylylene diisocyanate. While stirring, it was reacted for 3 
hours at 80°C. As a result, silicon compound (b-1) which had one free isocyanate group 
was acquired. 

The three-solution coating which consists of the fluoro olefin co-polymer acquired 
in (a-l), the silicon compound (b-1) acquired above, and hexamethylene diisocyanate. 
(component c) was combined in a solid weight ratio of fluoro olefin co-polymer (a-l ) / 
silicon compound (b-1) / hexamethylene diisocyanate (component c ) = 50 / 32/ 1 8. (3- 
solution type) 

2) composition (A-2) 1 

1 000 parts of "Sila Brain FMO 425" (see note 3 below) and 0. 1 parts of dibutyl tin 
o; de were combined with 59.6 parts of the three-functional isocyanate which uorisisis of 
t- -ling 3 mol of hexamethylene diisocyanate to 1 mol of trimethylol propane. Whiledc! = 
*hig, it was reacted for 3 hours at 80°C. As a result, a silicon compound (b-2) wiffirr o . 
. v : >ee isocyanate groups was acquired. ; vo r. 

The three- solution type coating which consists of the fluoro olefin co-polymer 
* ■.■ /ired in (a-2), (he silicon compoimd (b-2) acquired above, and "Colonate #2906:': 
t \a>ponent c; see note 4 below) was combined in a solid weight ratio of fluoro olefimco^ 
pc»I*mer (a-2) / silicon compound (b-2) / Colonate #2906(component c ) = 83 / 4 / l,3o£3- 
«^%n type) . ' ;o!ba< 

(note 3): "Sila Brain FMO 425" : manufactured by Chisso, reactive silicon containing- ; : 
byrlrcxyl group, product name, molecular weight is approximately 1 0,000; has the . t .< 

i :».'. 'owing structure: :.<;!■.■■■" 

("n.-hc formula, n is 133 on average) : :, . 

<iioie4): 'Colonate #2906": manufactured by Nippon Polyurethane Co. is an isocyahurate 
A-rvx f ; is a trimer of hexamethylene diisocyanate. :■. ./■>, 
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3) Composition (A-3) to (A-5), (B-l) to (B-5) 

The rest of the manufacturing process was the same as for the composition to prevent ice 
from attaching A-l, except that the ratios are indicated in table 3 below. 



Table 3 



Ice preventing matrial # 


A-3 


A-4 


B-l 


B-2 


B-3 


B-4 


A-5 


Component 
a or d 


Kind (ex #) 
Amount (solid 
parts) 


a-3 
49 


a-4 
60 


d-1 
80 


d-2 
64 


d-2 
54 


d-1 
68 


a-3 
34 


Component 
b 


Kind 


FM0411 
*2 


FM0425 










FM041 1 
*2 


Amount (solid 
parts) 


26 


10 










33 


Component 
d 


Kind 


IPDI 
*t 


Coronate 
2096 


IPD 

1*1 


C-l 


c-2 
*3 


c-3 
*4 


c-3 
*4 


Amount (solid 
parts) 


25 


30 


20 


36 


46 


32 


33 


Number of so 


utions 


2 


2 ' 


2 


9 


1 


1 





In the table 3, *1 to 3 indicates the fallowings: 
IPDI: isophorone diisocyanate /. 
. £" s 2) "Sila 3ram FMO 411": manufactiired by Chisso/reactive silicon coritaining • « <<; . ) ■ ,■ . " * 
"hydroxyi "group, product name, molecular weight is approximate^ " \i M 

'fbt:owin<* structure: ' . ' 7 1 

\ { i \ ' i 

( the larrnula, n is 1 1 on average) + , '; . : : ' - . : . • t 

PS) (c-2)c The three- functional isocyanate (c-l) used in composition (A-2) blocked % 
r \) (c-3/ ^ophcrone^dtisocyanate blocked with e-caprolactam.. * K - - a 



l^Bxamp.^; of practice y i •■■ rj,-: 

E/.omple practice I : -\,- . -..of 

C ■-; side of a flexible vinyl chloride resin base sheet (thickness: 50 \x) was coated i s 
with adhesive (Tg-50°C) which has poly-2-ethyl hexyl acrylate as its main component^ 
,ariw an adhesive layer with 30 film thickness was formed.. Next, a mold-release paper . J v 
(tlycfecss: 200 »j.) impregnated with silicon resin was applied on the adhesive layer. ■. The . , 
other side of the base sheet was coated with composition (A-l) (150 g/m 2 , dry thickness: 
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40 After it was heated for 20 minutes at 80°C, an adhesive sheet for preventing ice 
from attaching was acquired. 

Examples of practice 2 to 9 

Adhesive sheets with the structures shown in table 4 below were manufactured the 
same as example of practice 1. 



Table 4 





Example of practice 


2 


3 


4 


5 


6 


7 


8 


9 


Mold 
release 


material 


Silicone 

impegnated 

paper 


Silicone 

impegnated 

paper 


Silicone 
impegnate 
d paper 


Silicone 
impegnate 
d paper 


Silicone 
impegnate 
d paper 


Silicone 
impegnate 
d paper 


Silicone 
impegnate 
d paper 


Silicone 
impegnate 
d paper 


Thickness 
urn 


200 


200 


180 


180 


200 


200 


180 


180 


adhesive 


material 


Ex 1 


Ex 1 


Ex 1 


Ex 1 


Polybutyl 

acrylate 

emulsion 


Polybutyl 

acrylate 

emulsion 


Polybutyl 

acrylate 

emulsion 


Polybutyl 

acrylate 

emulsion 


Thickness 
um 


30 


30 


30 


30 


30 


30 


30 


30 


Base 
sheet 

1 


material 


Vinyl 
chloride 


Acryl 
urethane 


Acryl 
urethane 


Vinyl 
chloride 


Vinyl 
chloride 


Vinyl 
chloride 


Vinyl 
chloride 


Vinyl 
chloride 


Thickness 
um 


30 


50 


100 


50 


50 


50 


50 J 

i. 




Jo- 

preventer 

• '■ 

... „ : j 


material 


A-2 


A.-3 ■ 


A-4 


B 1 


B-2 


B-3 


B-4 A- 5 


Thickness 
um 


40 


40 


40 


30 


40 


30 


40 ' • - ! 40 . 

L J 



El *.f '^l of performance testing . ; 

..'hose adhesive sheets for preventing ice from attaching of this invention were T , ...y 
apt If d to :x steel plate via the pressure-sensitive adhesive layer (2) after the mold-release^ ?■ 
sh^.T. --i) was removed. s-.-r-i ni 

A Ing made of stainless steel (1 l)(inner area 5 cm 2 ) was placed on the layer to • r:; 
prevent ire from attaching (4) of this invention (10). This was put into a freezer at -*lGVt: 
wd A o;>>cooled for 90 minutes. Next, 2 ml of distilled de-ionized water kept at 5°C was; . : : . 
p>:acd into the ring (11), and it was frozen, and ice (12) which was bonded to the surface 
of lay to prevent ice from attaching (4) was acquired. It was left in this condition for 2 \. 
hours a: -10°. The ring (11) was impacted by a moving metal bar (13) driven by a motor, 
coiir/jcted lb a load cell (not shown in figure). The shear force require to remove the ice : . r 
(12) was measured, (unit: kg/'cm 2 ) The results are shown in table 5. 

Test plates (10) were aloe measured after leaving them outside for 3 months 
immersing them in running water for 45 days. 
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Table 5 



item 




Example of practice 






1 




3 


4 


5 


6 


7 


8 


9 


Shear 


Initial stage 


0.8 


1.0 


1.2 


1.0 


0.8 


0.9 


1.2 


0.8 


1.0 


force to 


After 3 mos 


0.9 


1.2 


1.2 


1.1 


1.0 


1.1 


1.2 


1.2 


1.1 


detach 


outside 




















ice 


45 days 


0.7 


1.5 


1.3 


1.2 


1.0 


1.3 


1.4 


1.2 


1.3 


Kg/cm 2 


under 

running 

water 





















4. Simple explanation of figures 

Figure 1 is a section of an adhesive sheet for preventing ice from attaching of this 
invention; figure 2 is a section of the test device 

(1) : mold-release sheet 

(2) : adhesive layer 

(3) : base sheet 

-(4): layer to prevent ice from attaching 

(10) : adhesive sheet for preventing ice from attaching 

(11) : stainless steel ring 

{12): ice : •' ' 

: V>): moving bar / . „ 

^ Vphcant: Kansai Paint K.K. . .p: 
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